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SUMMARY
In order to determine the sensitivity of various nuclear properties to the asymptotic part of the nuclear wave function, calculations have been made using both the conven tional harmonic oscillator single-particle functions and the more realistic Wood-Saxon functions. Hartree-Fock theory w a s used to obtain nuclear wave functions for the five even-even N = Z nuclei in the 2s-Id shell. Intrinsic nuclear energies, radii, and quad rupole moments were calculated, as well as energy gaps and single-particle densities. Considerable differences between harmonic oscillator and Wood-Saxon results were found when the usual value ( v = 0. 35 fm-2) for the cscillator parameter w a s used; how ever, close agreement could be obtained in most of the properties studied by using a different value (v = 0. 27 fmq2).
INTRODUCTlON
In recent years the Hartree-Fock (HF) method has received considerable attention in studies of the energy levels of deformed nuclei (ref. I). This method is essentially a variational procedure, based on minimization of the energy of a many-particle system. While such a procedure may provide a sensitive test of the wave function in the nuclear interior, it is expected that the shape of the wave function beyond the nuclear surface will not affect nuclear energies significantly. For this reason, H F calculations up until now have made use of single-particle harmonic oscillator basis functions, in spite of their obviously incorrect asymptotic behavior.
There are, however, many quantities of interest which a r e expected to be much more sensitive than the total energy to the asymptotic part of the wave function. Electro magnetic transition rates, multipole moments, and form factors for elastic and inelastic scattering a r e examples which come readily to mind. It does not s e e m likely that very accurate calculations of such quantities can be performed using HF wave functions with a harmonic oscillator basis. Thus, a H F calculation using the basis functions of &e more realistic Wood-Saxon potential is of interest both for the energy spectrum it yields and for the effect it shows of the long-range part of the wave function on other nuclear prop erties.
In this report are presented the results of a considerably restricted version of such a program. The H F variational calculation is carried out f o r five nuclei in the 2s-ld shell by using both Wood-Saxon (WS) and harmonic oscillator (HO) basis functions. A comparison is made of such properties as orbital energies, energy gap, and total (HF) energy. In addition, nuclear densities, radii, and intrinsic quadrupole moments a r e calculated and compared. 
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THEORY
In the H F method, the nuclear wave function is approximated by the Slater deter
whose orbital functions qx(i) a r e determined by minimizing the expectation value of the nuclear Hamiltonian. This variational problem leads to the eigenvalue equation where
The operator ho is usually taken to be the Ramiltonian for a single nucleon moving in the average nuclear field, and V represents the residual two-body force. The presence of the exchange operator P.. is a natural consequence of the antisymmetry of the deter 1J minant. The summation in equation (3) is taken over all the orbits which a r e to be varied.
Since equations (2) and (3) are too difficult for a direct solution, approximation methods are required. Usually one begins by selecting a suitable s e t of basis functions and then making the expansion The problem then reduces to diagonalizing h in the space spanned by the basis functions u a'
In practice, this is accomplished in an approximate way by first truncating the space, then guessing at an initial set C i , and finally iterating until two successive diagonaliza tions yield the s a m e s e t C i . (Often ? T a f f will be written for the s e t jama, the s e t ja, or even the set naLaja when no confusion will result.)
In order to c a r r y out this procedure, one needs matrix elements of h. It is gener ally assumed that ho is diagonal with eigenvalues deduced from experimental spectra. The matrix elements of v may be expressed (ref. 1) in t e r m s of the coupled two-body matrix elements of V: ( The tilde indicates that the product function uc(i)ud(j) has been antisymmetrized. ) The two-body matrix elements (ablV]$) JT a r e of course independent of the orbital functions, and they are therefore ideally suited for use as input in a general program designed to solve equation (2) .
Calculation of the two-body matrix elements presents some problems which s t e m from the fact that V(ij) is a function of the separation between nucleons i and j. If HO functions a r e used, one can overcome the difficulty by transforming to center-of mass and relative coordinates, and the resulting integrals can be expressed in t e r m s of Moshinsky brackets (ref.
2). In the general case, however, such a transformation is not possible, and the most promising approach seems to be an expansion of V(ij). For the moment the isotopic spin dependence is ignored. The coupled matrix ele ment may then be written where and
In the derivation of equation (14) 
The eigenvalues of ho used in the calculation a r e taken from the experimental spec trum of oxygen 17 (0 17 ), and they a r e listed in the fourth column of table I. The residual two-body force V(ij) is a Rosenfeld mixture with Gaussian shape, much like that used by A second set (HO -2) was chosen eventually on the basis of similarity to the WoodSaxon basis functions as measured by comparison of the resulting nuclear binding energies, orbital energies, energy gaps, and intrinsic quadrupole moments. For this set, v = 0.27 f m -2 .
In table I the energy eigenvalues of the various basis functions are compared, while in figures 1to 5 their shapes are compared. Little can be determined from the energy eigenvalues, but figures 1 to 5 reveal clearly for the 1s-ip shell functions that HO-1 is closer to WS than HO-2 is. In the 2s-ld shell the situation is somewhat ambiguous: HO -1 has the s a m e peaks and nodes as WS, as before, whereas HO-2 has different peaks and nodes but has perhaps an overall better match in magnitude.
The results of HF calculations using the three s e t s of basis functions just described a r e compared in tables II(a) and (b). On the basis of the binding energies and the gaps, it is evident that HO-2 gives a better match to the WS results than HO-1. lbl Total density.
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-Densities for magnesium 24. between H F states @. The results, shown in figure 2, differ considerably for the three s e t s of basis functions, and only the WS results bear a reasonable resemblance to exper iment and then only in an average sense. As the m a s s number increases toward 40, the WS results begin to deviate even more from experiment. The HO results are quite poor in both cases. However, the comparison of all these results with experiment would be much more meaningful if the expectation values were taken with respect to states of good angular momentum. The results are, nonetheless, significant f o r nuclear matter studies.
Intrinsic Quadrupole Moment
The intrinsic quadrupole moment is defined as the expectation value of the operator with respect to H F states CP. The operator T~ is an isospin operator with eigenvalues +1and -1 for protons and neutrons, respectively; e is the proton charge. In table III the results a r e given for the intrinsic quadrupole moments. The set HO-2 yields a much better match to the WS than does HO-1. The sign of { Qo) for any particular nucleus does not depend on the choice of basis, and the signs are in agreement with the accepted type of deformation (i.e. , prolate o r oblate) f o r these nuclei. 
Nuclear Density
The nuclear density function is defined as the expectation value of
Since the H F calculations of the type presented h e r e test only the extra-core wave func tions, two types of density functions are shown f o r each of the nuclei. The valence den sity pv is the expectation value of p with respect to wave functions which do not spec ifically include the spherical core functions. The total density p ( r ) does contain the core effects. metric, so Mg24 might be expected to have properties which differ from those of axially symmetric nuclei. Based on the findings of Bar-Touv and Kelson, S32 would also be ex pected to behave similarly, since the same set of calculations indicated that S32 is like wise asymmetric. The size of the gaps in the HF spectra(see tables II(a)and (b)) indicate that the assumption of axial symmetry is equally poor f o r S32 and Mg24. That is, since the energy gap between occupied and unoccupied orbits is quite a bit smaller for these nuclei than for the others, a perturbation theory calculation would yield larger effects of axial asymmetry for these nuclei than for the others.
In addition, one of the results of attempting to treat Mg24 as axially symmetric is that the coefficient of the 2 s 1 0 basis vector turns out to be abnormally small, -0.10.
Consequently, the valence density is drastically reduced at the origin. This does not occur f o r S32, nor does it occur in an asymmetric treatment (ref. If asymmetry is assumed, calculations of the energy spectra and other properties of these nuclei, should be more informative than the results just given. However, the previous results do substantiate the belief that Mg24 has to be treated differently than the other 2s-ld shell nuclei.
SUMMARY OF RESULTS
The intrinsic energy spectra, radii, and quadrupole moments have been studied f o r the five even-even nuclei in the 2s-Id shell. The nuclear wave functions were obtained using the HF method. The HF calculations were made using the Wood-Saxon basis func tions as well as the more conventional harmonic oscillator basis. It was found that the asymptotic behavior o r the WS basis functions could be simulated with harmonic oscillator functions if the oscillator constant were properly chosen. Such oscillator functions were also found to yield the best match to the Woods-Saxon HF spectra, indicating an important dependence on the asymptotic part of the wave function. As expected, Mg24 (and to a l e s s e r extent S 32 ) was found to have rather peculiar properties when assumed to be axially symmetric. 
